Recent structural studies show, not only how the desensitization of a ligand-gated ion channel with bound agonist can be rationalized in terms of subunit-subunit instability, but also how a previously unknown mode of interaction may provide clues into how the receptor is tetramerically assembled in vivo.
Signalling across the synapse is controlled by ligandgated ion channels. Neurotransmitter molecules are released from the pre-synaptic neuronal membrane into the synaptic cleft, where they make their way towards receptors in the post-synaptic neuronal membrane. Upon binding by neurotransmitter molecules, these channels are activated, allowing ions to flow across the membrane. The length of time that these channels remain open is controlled by a process known as desensitization [1] , a process that until recently was poorly understood. Desensitization is socalled as the channel tends to close even though neurotransmitter is still bound to it. The time-course of desensitization plays a significant role in determining the way in which receptors are able to encode information, so much so that the control of this process depends on various things such as subunit assembly and alternative RNA splicing.
Recently Sun et al. [2] have provided important insight into desensitization with their work on the mammalian α α-amino-3-hydroxy-5-methyl-4-isoxazole propionic acid (AMPA) sensitive glutamate receptor, GluR2 [3] . This receptor belongs to a family collectively known as the ionotropic glutamate receptors (reviewed in [4, 5] ), the basic overall topology of which is shown in Figure 1 . The region enlarged in Figure 1 is not only responsible for binding the agonist [6,7] but, as discussed in more detail below, also appears to be involved in the desensitization of the receptor.
This binding domain can be thought of as a clamshell, with the two lobes closing in and around the agonist. The upper lobe, S1, contains the residues that have the most dramatic effect on desensitization. The receptors are tetramers, with each monomeric unit capable of binding glutamate, and there is evidence that the transmembrane domain may look similar to that of potassium channels [8,9].
Building on previous work in which the isolated ligand binding domain (S1 and S2 in Figure 1 ) of GluR2 showed a preference to dimerize, Sun et al. [2] have used a combination of techniques to show that this interface between these dimers may in fact play the major role in determining desensitization. In other words, changes in this region greatly affect how the channel becomes insensitive to addition of further glutamate.
Sun et al.
[2] first showed by sedimentation equilibrium experiments how the extent of receptor dimerization corresponds to the degree of desensitization. They found that a mutation (L483Y) that blocks desensitization in the intact receptor [10] increases the dimer-to-monomer ratio of the water-soluble constructs a hundred-thousand-fold. The desensitizationblocking compound cyclothiazide had a similar effect. Next, by comparing the crystal structures of these complexes, Sun et al. [2] were able to show that the non-desensitizing L483Y mutant formed a strong hydrophobic pocket at the dimer interface. An equivalent effect was induced in wild-type receptors by cyclothiazide. These observations were supported by further experiments which revealed a linear relationship between the extent of receptor dimerization and the stability of the dimer interface.
So how does this dimer instability relate to the desensitization process? It appears that re-arrangement of the dimer interface seems to be the atomic mechanism at the heart of the desensitizing process. In constructs that do not desensitize, the strengthened dimer interface prevents re-arrangement with the ligand-binding domain. A simple cartoon of the overall process is show in Figure 2 .
Given this model, it should follow that destabilization of the dimer interface should enhance desensitization. Sun et al. [2] tested this hypothesis by introducing the N754D mutation: in GluR1 this has the effect that the receptors are active only in the presence of cyclothiazide, indicating either that there is a higher occupancy of the desensitized state or that there is a large acceleration in the rate of desensitization. The N754D mutant receptors do indeed desensitize more rapidly than wild type, confirming the previous notion of dimer stability. Perhaps not unexpectedly, this mutant does not dimerize at the usual interface; rather, it dimerizes in a way that has not been seen before, in which the subunits are related by a simple translation. This new dimer interface suggests how pairs of the original dimers might come together to form the functioning tetramer. Many of these contacts are conserved in AMPA and kainate receptors.
This introduces a puzzle for developing models of activation of the intact receptor. It is quite likely that the GluR2 transmembrane region exhibits four-fold symmetry, similar to potassium channels. 
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